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(54) ION-CONDUCTING FILM AND METHOD OF PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ion-conducting film for 
a polymeric solid fuel cell, having a methanol-barrier property, heat 
resistance, high ionic conductivity, mechanical strength, and 
inexpensiveness, and to provide a method of producing the same. 
SOLUTION: This ion-conducting film is formed by combining an 
ion- conducting resin which comprises an aromatic monomer I, an 
ion-conducting monomer II, a high-volume monomer III, and a 
crosslinking agent IV and is expressed by the formula 1 with a 
fibrous aggregate to form a film. A nonwoven glass fabric is, for 
example, combined with the ion-conducting resin comprising t- 
butylstyrene as the component I, 2-acrylamide-2- 
methylpropanesulfonic acid as the component II, 
methacryloxypropyl POSS (POSS is expressed by the formula 2) 
as the component HI, and bisphenol A diglycerol ether diacrylate as 
the component IV. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (Structure expression 1) 
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The aromatic series system monomer I, the ionic conduction system monomer II, and high volume monomer 
III And ionic conduction film characterized by compounding the ionic conduction resin and the fiber 
aggregate of the above-mentioned structure expression 1 which consists of a cross linking agent IV in the 
shape of film. 

[Claim 2] Aromatic series system monomer I Consist of an aromatic series system vinyl monomer, and it 
consists of a vinyl monomer in which the ionic conduction system monomer II has an acidic group. High 
volume monomer III Boil all, and it is more three-dimensional and consists of any one of silicon-oxygen, 
silicon-carbon, and the carbon-carbon bondings, or a thing in which the cage configuration was formed. A 
cross linking agent IV is ionic conduction film according to claim 1 characterized by being compound-ized 
with the fiber aggregate which consisted of an aromatic series ring and was chosen from from among the 
shape of the shape of the shape of reticulated [ of organic fiber or an inorganic fiber ], and textile fabrics, 
and a nonwoven fabric, and fibril. 

[Claim 3] Aromatic series system monomer I An R1= carbon number consists of an aromatic series 
functional group of the necessary number. The ether which permits the case where, as for the ionic 
conduction system monomer II, an R2= carbon number contains the hydrocarbon part of the necessary 
number, and the hetero atom of the necessary number, Ester, acrylamide, an amide, an alkyl part, and a 
sulfonic group, It consists of what has the ionic conduction radical in which any one or all of a phosphoric 
acid carried out the chemical bond to the shape of a straight chain or a branching straight chain. High 
volume monomer III Two or more ring compounds surrounded with the silicon or oxygen atom of the 
necessary number In the cage configuration compound constituted when carrying out silicon-oxygen- 
silicon association through an oxygen atom in the silicon atoms which face, and connected by silicon- 
oxygen-silicon association of a necessary number It consists of what has a high functional group. **** 
which presents the structure in which silicon carried out the chemical bond to the annular aliphatic series 
system carbon compound of a required-number membered-ring — A cross linking agent IV consists of an 
aromatic series ring. These vinyl monomers Copolymerization and the ionic conduction resin which 
constructed the bridge, a synthetic fiber, or the ceramics, Ionic conduction film according to claim 1 
characterized by including the fiber aggregate chosen from from among the shape of the shape of the 
shape of reticulated and textile fabrics which consists of either among glass, a metal, and a nonmetal 
system element compound, and a nonwoven fabric, and fibril inside the ionic conduction film. 
[Claim 4] Aromatic series system monomer I t-butyl styrene and the ionic conduction system monomer II 
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are 2-acrylamido-2-methyl propane sulfonic acid and the high volume monomer III. Ionic conduction film 
according to claim 1 characterized ij^ompound-izing a nonwoven glass fabrj^^the ionic conduction 
resin propyl methacrylic POSS andlProse cross linking agent IV are bisphencSB^Iycero rate diacrylate. 
[Claim 5] claims 1-4 — the time of manufacturing the ionic conduction film given in any they are — 
aromatic series system monomer I Weight content 5% to 80% High volume monomer III The canal 
polymerization phase by which an organic solvent is further constituted [ 0.1% - 50% and a cross linking - 
agent IV ] for a hydrophobic polymerization initiator from 1% - 85% of each within the limits 0.01% to 20% 
0.02% to 30%, The ionic conduction system monomer II 3% - 90%, The manufacture approach of the ionic 
conduction film characterized by a hydrophilic polymerization initiator sinking in the fiber aggregate in 
pickup 20%-520% again to the vinyl monomer solution which consists of a hydrophilic polymerization' phase 
in which water is contained in 6% - 95% of each range 0.03% to 25%. 

[Claim 6] claims 1-4 — the time of manufacturing the ionic conduction film given in any they are — 
aromatic series system monomer I Weight content 5% to 80% High volume monomer III The canal 
polymerization phase by which an organic solvent is further constituted [ 0.1% - 50% and a cross linking 
agent IV ] for a hydrophobic polymerization initiator from 1% - 85% of each within the limits 0.01% to 20% 
0.02% to 30%, After a hydrophilic polymerization initiator sinks [ the ionic conduction system monomer II / 
water ] in the fiber aggregate in pickup 20%-520% 3% to 90% again to the hydrophilic polymerization phase 
contained in 6% - 95% of each range 0.03% to 25%, The manufacture approach of the ionic conduction film 
characterized by making it stick to a fiber aggregate using a synthetic-resin film, irradiating bridge 
formation energy at a fiber aggregate, and carrying out the polymerization of a vinyl monomer and the 
cross linking agent. 

[Claim 7] A conductor, infrared radiation. Depending on any of far- infra red irradiation equipment they are 
The ultraviolet radiation or the light exposure machine of the range of the conditions maintained for 0.5 
seconds to 4 hours in the range whose vinyl monomer impregnation temperature of a fiber aggregate is 35 
degrees C - 220 degrees C, or 1 90nm - 700nm wavelength is used. A vinyl monomer impregnation body 
surface 0.5 mW/cm2 From to 5600mW/cm2 Exposure conditions which become a light-receiving energy 
range. Or the manufacture approach of the ionic conduction film according to claim 6 characterized by 
carrying out the bridge formation energy exposure of the electron ray on the conditions irradiated for 0.2 
seconds to 5 hours in the range of 20 Mrad-m/min to 360 Mrad-m/min with electron-beam-irradiation 
equipment. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not respons i CT^for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ionic conduction film which has high ion conductivity, 

thermal resistance, and methanol barrier nature, and its manufacture approach. 

[0002] 

[Description of the Prior Art] While the measure for problem solvings, such as air pollution and global 
warming, is cried for, the expectation for development of an exhaust gas control mold automobile shows 
the rise. Especially a polymer electrolyte fuel cell has various advantages, like energy overall efficiency is 
high and environment nature is high, and its expectation is great as a clean new generation-of-electrical- 
energy format for electric vehicles. The generation-of-electrical-energy method generally called a fuel cell 
takes out the energy which fuels (hydrogen etc.) have using the reverse reaction of electrolysis of water as 
direct electrical energy. Generally it is represented by four kinds, a phosphoric-acid mold, a melting 
carbonate mold, a solid oxide type, and a solid-state macromolecule mold, from the description on a 
configuration. 

[0003] As ionic conduction film used for the polymer electrolyte fuel cell (PEFC) of the inside represented 
by said four kinds, the ionic conduction film of the mold of perfluoroalkyl sulfonic acids, such as a trade 
name "Nafion", non-constructing a bridge has been used. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned fluorine system ionic conduction film has 
high chemical stability and thermal resistance, and in order to raise the practicability of a polymer 
electrolyte fuel cell, it has played the important role. However, the fluorine system ionic conduction film 
used conventionally was developed as a diaphragm at the time of electrolyzing salt originally and taking out 
caustic alkali of sodium and chlorine gas on industrial level, and it was not developed as an ingredient for 
fuel cells, since membrane resistance is large, it is pointed out that the generation-of-electrical-energy 
energy efficiency of a fuel cell is falling, and many improving points are left behind as a technical problem. 
[0005] Moreover, the approach of adding a function required as a direct methanol mold fuel cell additionally, 
and going is adopted in many cases, copying the predominance of a large number which the fluorine system 
ionic conduction film has also in the field of the fundamental research of a direct methanol mold fuel cell 
(DMFC). As these functions, although it is 1 methanol barrier property, 2 thermal resistance, 3 ion 
conductivity, 4 dynamic reinforcement, 5 low-price nature, etc., when all of these functions are related, one 
function is raised in these and it goes, there is an inclination for other functions to fall. For example, in the 
case of a direct methanol mold fuel cell, in the actual condition, since catalytic activity is low, the operation 
temperature of a cell must be set as a temperature requirement high to 1 30 degrees C - 200 degrees C. 
However, the oxidative degradation of cutting of a polymer principal chain occurring under the high effect 
of acid which a sulfonic group has in the film conventionally happens. Furthermore, active jamming of the 
reduction reaction in the cathode resulting from a methanol crossover takes place, and the generation 
efficiency of a cell falls. Therefore, it is a technical problem to raise the above-mentioned function with 
sufficient balance. 

[0006] The object of this invention is offering the ionic conduction film which has methanol barrier 
property, thermal resistance, high ion conductivity, dynamic reinforcement, and low-price nature, and its 
manufacture approach in view of the above-mentioned technical problem. 
[0007] 

[Means for Solving the Problem] Ionic conduction film by this invention for attaining the above-mentioned 
object (structure expression 1 ), 
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The aromatic series system monomer I, the ionic conduction system monomer II, and high volume monomer 
III And it is characterized by compounding the ionic conduction resin and the fiber aggregate of the above- 
mentioned structure expression 1 which consists of a cross linking agent IV in the shape of film. 
[0008] Moreover, the aforementioned aromatic series system monomer I It consists of an aromatic series 
system vinyl monomer. It consists of a vinyl monomer in which the ionic conduction system monomer II has 
an acidic group. High volume monomer III Boil all, and it is more three-dimensional and consists of any one 
of silicon-oxygen, silicon-carbon, and the carbon-carbon bondings, or a thing in which the cage 
configuration was formed. It is characterized by compound-izing a cross linking agent IV with the fiber 
aggregate which consisted of an aromatic series ring and was chosen from from among the shape of the 
shape of the shape of reticulated [ of organic fiber or an inorganic fiber ], and textile fabrics, and a 
nonwoven fabric, and fibril. 

[0009] Furthermore, the aforementioned aromatic series system monomer I An R1= carbon number 
consists of an aromatic series functional group of the necessary number. The ether which permits the case 
where, as for the ionic conduction system monomer II, an R2= carbon number contains the hydrocarbon 
part of the necessary number, and the hetero atom of the necessary number, Ester, acrylamide, an amide, 
an alkyl part, and a sulfonic group, It consists of what has the ionic conduction radical in which any one or 
all of a phosphoric acid carried out the chemical bond to the shape of a straight chain or a branching 
straight chain. High volume monomer III Two ring compounds surrounded with the silicon or oxygen atom of 
the necessary number In the cage configuration compound constituted when carrying out silicon-oxygen- 
silicon association through an oxygen atom in the silicon atoms which face, and connected by silicon- 
oxygen-silicon association of a necessary number It consists of what has a high functional group. **** 
which presents the structure in which silicon carried out the chemical bond to the annular aliphatic series 
system carbon compound of a required-number membered-ring — A cross linking agent IV consists of an 
aromatic series ring. These vinyl monomers Copolymerization and the ionic conduction resin which 
constructed the bridge, a synthetic fiber, or the ceramics, It is characterized by including the fiber 
aggregate chosen from from among the shape of the shape of the shape of reticulated and textile fabrics 
which consists of either among glass, a metal, and a nonmetal system element compound, and a nonwoven 
fabric, and fibril inside the ionic conduction film. 

[0010] It is said aromatic series system monomer I further again, t-butyl styrene and the ionic conduction 
system monomer II are 2-acrylamido-2-methyl propane sulfonic acid and the high volume monomer III. It is 
characterized by compound-izing a nonwoven glass fabric in the ionic conduction resin propyl methacrylic 
POSS and whose cross linking agent IV are bisphenol A glycero rate diacrylate. 

[0011] The manufacture approach of the above-mentioned ionic conduction film is the aromatic series 
system monomer I. Weight content 5% - 80%, High volume monomer III The canal polymerization phase by 
which an organic solvent is further constituted [ 0.1% - 50% and a cross linking agent IV ] for a hydrophobic 
polymerization initiator from 1% - 85% of each within the limits 0.01% to 20% 0.02% to 30%, The ionic 
conduction system monomer II 3% - 90%, A hydrophilic polymerization initiator is characterized by sinking in 
the fiber aggregate in pickup 20%-520% to the vinyl monomer solution which consists of a hydrophilic 
polymerization phase in which water is contained in 6% - 95% of each range 0.03% to 25% again. In addition, 
as a hydrophobic polymerization initiator, although azobisisobutyronitril, a benzophenone, benzoyl peroxide, 
peroxidation t-butyl, etc. are mentioned, it is not limited to these initiators. As a hydrophilic polymerization 
initiator, although ammonium-peroxydisulfate, potassium-peroxodisulfate, peroxydisulfuric-acid sodium, 2, 
and 2-azobis [2-(2-imidazoline-2-IRU) propane] dihydrochloride etc. is mentioned, it is not limited to 
especially these initiators. 
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[001 2] Moreover, other manufacture^oproaches of the above-mentioned ioni^^onduction film are the 
aromatic series system monomers ^^Hnght content 5% - 80%, High volume nr^^Bner III The canal 
polymerization phase by which an o^^nic solvent is further constituted [ 0.19^^0% and a cross linking 
agent IV ] for a hydrophobic polymerization initiator from 1% - 85% of each within the limits 0.01% to 20% 
0.02% to 30%, After a hydrophilic polymerization initiator sinks [ the ionic conduction system monomer II / 
water ] in the fiber aggregate in pickup 20%-520% 3% to 90% again to the hydrophilic polymerization phase 
contained in 6% - 95% of each range 0.03% to 25%, It is characterized by making it stick to a fiber aggregate 
using a synthetic-resin film, irradiating bridge formation energy at a fiber aggregate, and carrying out the 
polymerization of a vinyl monomer and the cross linking agent. 

[0013] The approach of irradiating the fiber aggregate the above-mentioned bridge formation energy A 
conductor, infrared radiation, Depending on any of far-infrared irradiation equipment they are The 
ultraviolet radiation or the light exposure machine of the range of the conditions maintained for 0.5 seconds 
to 4 hours in the range whose vinyl monomer impregnation temperature of a fiber aggregate is 35 degrees 
C - 220 degrees C, or 190nm - 700nm wavelength is used. A vinyl monomer impregnation body surface 0.5 
mW/cm2 From to 5600mW/cm2 Exposure conditions which become a light-receiving energy range, Or it is 
characterized by carrying out the bridge formation energy exposure of the electron ray on the conditions 
irradiated for 0.2 seconds to 5 hours in the range of 20 Mrad-m/min to 360 Mrad-m/min with electron- 
beam-irradiation equipment. 
[0014] 

[Embodiment of the Invention] The example of this invention is explained based on a drawing below. About 
a drawing, the giant-molecule structure of the fluorine system ionic conduction film and drawin g 2 drawing 
1^ The hydrophilic-non-dense aqueous-phase model inside the fluorine system film, The amelioration 
effectiveness of demand characteristics [ in / drawing 3 / the structure of a POSS radical, and drawing 4 , 
and / in drawin g 5 / an example 1 ], [ a methanol expulsive measurement eel ] The relation of the weight 
content of an aromatic series system monomer and an ionic conduction value, [ in / in drawing 6 / example 
2. ] The relation of the weight content of a methanol expulsive radical and film reinforcement, [ in / in 
drawing 7 / an example 3 ] The relation of the weight content of a cross linking agent and film 
reinforcement, the relation of the weight content of a polymerization initiator and an ionic conduction value, 
[ in / in drawin g 8 / an example 4 ] [ in / in drawing 9 / an example 5 ] The relation of the weight content 
of an organic solvent and a methanol expulsive value, [ in / in drawing 1 0 / an example 6 ] The relation of 
the polymerization content of an ionic conduction system monomer and an ionic conduction value, [ in / in 
drawing 1 1 / an example 7 ] The relation of the weight content of a hydrophilic polymerization initiator and 
a heat-resistant value, [ in / in drawing 1 2 / an example 8 ] The relation of the weight content of water 
and a heat-resistant value, the relation of a pickup and an ionic conduction value, [ in / in drawing 1 3 / an 
example 9 ] [ in / in drawing 1 4 / an example 10 ] The relation of curing temperature and film 
reinforcement, the relation of the setting time and a methanol abatement value, [ in / in drawing 1 5 / an 
example 11 ] [ in / in drawin g 1 6 / an example 12 ] The relation between ultraviolet-visible-ray wavelength 
[ in / in drawin g 1 7 / an example 13 ], and film reinforcement, the relation of a light-receiving energy 
density and an ionic conduction value, [ in / in drawin g 1 8 / an example 14 ] The relation of an electron ray 
reinforcement and a heat-resistant value and drawing 20 show the relation of the light-receiving energy 
density and ionic conduction value in an example 16. [ in / in drawing 1 9 / an example 15 ] 
[0015] in addition, said aromatic series system monomer I in claim 3 An R1= carbon number consists of an 
aromatic series functional group to 1-20 pieces. The concrete example of this Styrene, 3-methyl styrene, 
4-methyl styrene, t-butyl styrene, sec-butyl styrene, Alpha methyl styrene, trans-beta-methyl styrene, 2- 
chloro styrene, Although it is 3-chloro styrene, 4-chloro styrene, 2-vinyl naphthalene, 9-vinyl anthracene, 
a vinyl pyrene, N-vinylcarbazole, 2-vinylpyridine, 4-vinylpyridine, or 1 -vinyl imidazole, it is not limited to 
these. The ether which permits the case where, as for the ionic conduction system monomer II, an R2= 
carbon number contains the hydrocarbon part to 1-18 pieces, and the hetero atom to 1-5 pieces, Ester, 
acrylamide, an amide, an alkyl part, and a sulfonic group, It consists of what has the ionic conduction 
radical in which any one or all of a phosphoric acid carried out the chemical bond to the shape of a straight 
chain or a branching straight chain. The concrete example of this 2-acrylamido-2-methyl propane sulfonic 
acid, Although it is 4-styrene sulfonic-acid sodium, sodium allylsulfonate, sodium methallylsulfonate, a vinyl 
sulfonic acid, a vinyl propane sulfonic acid, ethyl diethyl phosphono acetate, a vinyl phosphoric acid, an allyl 
compound phosphoric acid, etc. It is not limited to these compounds. High volume monomer III Two ring 
compounds surrounded with the silicon or oxygen atom to 3-80 pieces In the cage configuration compound 
constituted when carrying out silicon-oxygen-silicon association through an oxygen atom in the silicon 
atoms which face, and connected by silicon-oxygen-silicon association of 3-80 It consists of what has a 
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high functional group. **** which pi^ents the structure in which silicon carri^l out the chemical bond to 
the annular aliphatic series system^^^p>on compound of three to 12 member^^fcng — For example, 
although propyl methacrylic POSS.^royl POSS, POSS acrylamide, an allyl coifltound POSS, Metallyl 
POSS, methacrylic one POSS, acrylic-acid POSS, etc. are mentioned, it is not limited to these compounds. 
A cross linking agent IV is not limited to these cross linking agentsr although it consists of an aromatic 
series ring and bisphenol A glycero rate diacrylate, a divinylbenzene, divinyl naphthalene, diallyl phthalate, 
diaryl tetrabromo phthalate, a diaryl diphenyl silane, diaryl diphehylphosphine, etc. are mentioned as a 
concrete example of this. The fiber aggregate chosen from from among the shape of the shape of the 
shape of reticulated [ which these vinyl monomers become from either among copolymerization and the 
ionic conduction resin which constructed the bridge, a synthetic fiber or the ceramics, glass a metal, and a 
nonmetal system element compound ], and textile fabrics, and a nonwoven fabric, and fibril is included 
inside the ionic conduction film. Although each numerical range of the carbon number of the . above R1 and 
R2 which is not what is restricted to these compounds although it is silicon carbide, boron carbide, silicon 
nitride, boron nitride, etc. as a nonmetal system element compound, the silicon of R3 or the oxygen atom 
number, a silicon-oxygen-silicon joint number, and the number of membered-rings of silicon is desirable 
range, it is not necessarily limited to each of this numerical range. 
[0016] 

[Example 1] The ionic conduction film was obtained by dissolving t-butyl styrene 5.25g, 0.8g of 2- 
acrylamido-2-methyl propane sulfonic acid, propyl methacrylic POSS0.25g, and bisphenol A glycero rate 
diacrylate 1.0g in N and N'-dimethylformamide 8ml and the mixed solvent of 3ml of water, and carrying out 
heating bridge formation of the solution which added azobisisobutyronitril 20mg and was obtained at 10 
degrees C for 3 minutes using a hot calender roll, after sinking into the polypropylene network of 20 
meshes at pickup 250%. In addition, the structure of a POSS radical is as being shown in drawing 3 . 
[001 7] The methanol abatement engine performance of the ionic conduction film obtained the account of a 
top was measured as follows. That is, in the eel configuration for measurement shown in drawing 4 , two 
glass cylinders with doubling cost with a methanol permeability width of face of 10mm (98ml of inner 
capacity) were prepared, the ionic conduction film with a diameter of 70mm was put between them, the 
methanol transparency diameter of the ionic conduction film was set to 50mm, 3% of the weight of the 
methanol water solution was put into the interior of one glass cylinder (methanol phase), and the interior of 
another glass cylinder was filled up with aqua destillata (aqueous phase). After setting the time of finishing 
setting up these measurement eels as measurement initiation and sampling water in part from the aqueous 
phase after 30-minute progress, it analyzed using the Hitachi G-5000 mold gas chromatograph (FID 
detector), and the quantum of the methanol concentration Mi in the aqueous phase was carried out. 
[0018] When considering as the methanol concentration Mf similarly measured using the fluorine system 
ionic conduction film (example of a comparison), it was defined as the following formula (1 ) by making a 
methanol transparency control value into a relative value. 
Methanol abatement value = Mf/Mi — Formula (1) 

As the result was shown in drawin g 5 , compared with the fluorine system ionic conduction film (example of 
a comparison) used as ionic conduction film of a direct methanol mold fuel cell, the ionic conduction film by 
this invention showed higher methanol expulsive conventionally. 

[0019] About thermal resistance, it evaluated as follows. The part was sampled from said obtained ionic 
conduction film, and the pyrolysis initiation temperature Ti of the ionic conduction film was measured in air 
using TG-DTA. The pyrolysis initiation temperature Tf of the conventional fluorine system ionic conduction 
film was measured similarly, and the definition was given as a relative value of the value the fluorine system 
film indicates thermal resistance to be like the following formula (2). 
A heat-resistant value = Ti/Tf — Formula (2) 

As the result was shown in drawin g 5 , the heat-resistant value of the ionic conduction film by this 
invention was larger than the value of the fluorine system film which is film conventionally, and showed 
higher thermal resistance. 

[0020] About ion conductivity, it evaluated as follows. It stuck on fluororesin plate manufacturing so that 
********** 1.0cm long, 2.5cm wide, and the platinum foil with a thickness of 10 microns might be prepared 
in the center section of 4.0cm long, 4.0cm wide, and fluororesin plate manufacturing with a thickness of 
0.5cm and the 1 .0cm side of the platinum foil might touch 0.5cm long and a 1.0cm wide sump to 1.0cm 
[ about ] of the sump of fluororesin plate manufacturing in it. 

[0021] After producing these two plates, it dips in 1/40-N nitric-acid water solution of chloroplatinic acid, 
and they are bath voltage 3.0V and current density 40 mA/cm2. Platinum black was plated on the platinum 
foil for 1 hour. This fluororesin plate manufacturing was dipped into 1% sulfuric acid, the platinum electrode 
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was used for the counter electrode^ad each of the fluororesin plate manufac^ring of two sheets was 
followed in the actuation which ene^Ks a platinum-electrode side for 10 mAs in electrical-potential- 
difference 3.0V by using the platinur^roil side of a negative electrode and fluororesin plate manufacturing 
as a positive electrode. 

[0022] thus, the ionic conduction film cut into 1.0cm long and 1.5cm wide between two fluororesin plate 
manufacturing of obtained platinum black plating — inserting — the platinum foil — solar TRON company 
make — it connected with impedance analyzer S1-1260, and membranous ionic conductivity was computed 
with the alternating current anodizing process. The ionic conduction value by this invention was defined like 
the following formula (3). 
Ionic conduction value = li/If — Formula (3) 

If: ionic conductivity Ii: of the conventional fluorine system — the degree of ionic conduction of the film by 
this invention — as the result was shown in drawin g 5 , also in ion conductivity, it became clear that the 
ionic conduction film by this invention is conventionally larger than membranous ion conductivity. 
[0023] About membranous reinforcement, it evaluated as follows, the stress at the time of pulling 15cm 
long and the 0.5cm wide ionic conduction film, hanging on a testing machine, and making a sample fracture 
by hauling in the distance between chucks of 10cm — the cross section of the ionic conduction film — 
**** — when setting tensile strength of Si and the conventional fluorine system film to Sf for tensile 
strength by things, film reinforcement was defined like a formula (4). film = on the strength — a Si/Sf — 
type (4) — as the result was shown in drawing 5 , the film reinforcement by this invention had high film 
reinforcement compared with the conventional fluorine system film. 
[0024] 

[Example 2] As the result of having measured the ionic conduction value at the time of changing the weight 
content of t-butyl styrene at the time of preparing the ionic conduction film in an example 1 is shown in 
drawing 6 , in the range whose t-butyl styrene weight content is 5% - 80%, the ionic conduction value is 
large compared with the film conventionally, and the range indicated to claim 5 is suitable for the weight 
content of an aromatic series system monomer. 
[0025] 

[Example 3] Since film reinforcement is conventionally larger than a membranous value in the range whose 
weight content propyl methacrylic [ POSS ] is 0.1% - 50% as drawing 7 shows the film reinforcement when 
changing weight content propyl methacrylic [ POSS ] in case the ionic conduction film is prepared in an 
example 1 , the range indicated to claim 5 is appropriate to the weight content of a high volume monomer. 
[0026] 

[Example 4] In case the ionic conduction film is prepared in an example 1, as drawing 8 shows the film 
change on the strength at the time of changing the weight content of bisphenol A guru cello rate diacrylate 
as a cross linking agent, it is conventionally larger than a membranous value in 0.02% - 30% of range, and 
the range indicated to claim 5 is suitable. 
[0027] 

[Example 5] Since the weight content of a hydrophobic polymerization initiator is larger than the value of 
the conventional fluorine system film in the range which is 0.01% - 20% as drawin g 9 shows the ionic 
conduction value when changing the weight content of azobisisobutyronitril as a hydrophobic 
polymerization initiator in an example 1, the range which indicated the weight content of a hydrophobic 
polymerization initiator to claim 5 is appropriate. 
[0028] 

[Example 6] When preparing the ionic conduction film in an example 1 , as drawing 1 0 shows the relation 
between, the weight content of an organic solvent, and a methanol abatement value, the methanol 
abatement value is conventionally larger than a membranous value at the time of 1% - 85% of range, and, as 
for the weight content of an organic solvent, the range which indicated the weight content of an organic 
solvent to claim 5 is appropriate. 
[0029] 

[Example 7] When preparing the ionic conduction film in an example 1 , as drawing 1 1 shows the relation 
between the weight content of 2-acrylamido-2-methyl propane sulfonic acid, and an ionic conduction value 
as an ionic conduction system monomer, in the ionic conduction value, the ionic conduction value is 
conventionally larger than the film at the time of 3% - 90% of range, and, as for the weight content of 2- 
acrylamido-2-methyl propane sulfonic acid, the range indicated to claim 5 is suitable for the weight content 
of an ionic conduction system monomer. 
[0030] 

[Example 8] In case the ionic conduction film is manufactured in an example 1, as the heat-resistant value 
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when changing the weight content o^^** RUOKISONI ammonium sulfate as ^jydrophilic polymerization 
initiator is shown in drawin g 1 2 , in ^■heat-resistant value, the weight cont^B^f a ** RUOKISONI 
ammonium sulfate is larger than th^rolue of the conventional fluorine systen^fflm at 0.03% - 25% of within 
the limits, and the range indicated to claim 5 is suitable for the weight content of a hydrophilic 
polymerization initiator. 
[0031] 

[Example 9] In case the ionic conduction film is manufactured in an example .1, as drawin g 1 3 shows the 
heat-resistant value when changing the weight content of water thermal resistance is conventionally larger 
than the film in 6% - 95% of range; and, as for the weight content of water, the range indicated to claim 5 is 
suitable for the weight content of water. 
[0032] 

[Example 10] When manufacturing the ionic conduction film in an example 1, in case the polypropylene 
network which is the fiber aggregate is sunk into a monomer solution phase, as the relation between pickup 
and an ionic conduction value is shown in drawing 1 4 , the range where pickup indicated the pickup of the 
fiber aggregate to claim 5 by the ionic conduction value being conventionally larger than the film in 20% - 
520% of range is appropriate. 
[0033] 

[Example 11] When making it harden according to the fiber aggregate and bridge formation which sank in 
the vinyl monomer solution in the example 1, as drawing 1 5 shows the reinforcement of the ionic 
conduction film when changing curing temperature, curing temperature is conventionally larger than a 
membranous value in 35 degrees C - 220 degrees C, and the range indicated to claim 7 is suitable for . 
curing temperature. 
[0034] 

[Example 12] As the methanol abatement value which the ionic conduction film when changing the setting 
time of the ionic conduction film in an example 1 shows is shown in drawing 1 6 , the setting time is 
conventionally larger than membranous physical properties in the range of 0.5 seconds - 4 hours, and the 
range indicated to claim 7 is suitable for the setting time. 
[0035] 

[Example 13] When the content of combination which changed the azobisisobutyronitril of a hydrophobic 
polymerization initiator to the benzophenone is adopted among the monomer solution in an example 1 and a 
black light is used instead of a hot calender roll, about film reinforcement, as shown in drawing 17 , the 
wavelength of ultraviolet rays is conventionally larger than a membranous value in the range which is 
190nm - 700nm, and the range indicated to claim 7 is suitable for the wavelength of the ultraviolet rays by 
the black light. 
[0036] 

[Example 14] when changing the light-receiving energy density of the ultraviolet-visible ray which a vinyl 
monomer impregnation body surface receives in an example 13, the ionic conduction value change of the 
ionic conduction film is shown in drawing 1 8 — as — a light-receiving energy density — 0.5 mW/cm2 from 
— 5600 mW/cm2 Membranous ion conductivity is conventionally excelled in the range, and the range which 
indicated the light-receiving energy density to claim 7 is suitable. 
[0037] 

[Example 15] Since the thermal resistance which the ionic conduction film shows became conventionally 
larger than the film when the heat-resistant value of the ionic conduction film when changing the exposure 
energy of the electron ray at the time of using electron-beam-irradiation equipment instead of an 
ultraviolet ray lamp in an example 13 irradiated an electron ray in the range of 20 Mrad-m/min - 30 Mrad- 
m/min, as shown in drawing 1 9 , the range which indicated the exposure energy of the electron ray by 
electron-beam-irradiation equipment to claim 7 is suitable. 
[0038] 

[Example 16] The ionic conduction value of the ionic conduction film when changing the irradiation time of 
an electron ray in an example 15 has exceeded the membranous value conventionally in 0.2 seconds - 5 
hours, as shown in drawing 20 , and the range indicated to claim 7 is suitable for the irradiation time of the 
electron ray by electron-beam-irradiation equipment. 

[0039] By the way, in a direct methanol mold fuel cell (DMFC), a methanol crossover is an important 
problem. It is said that a methanol checks electrode catalytic reaction by permeating the inside of the ionic 
conduction film from an anode (a negative electrode, fuel electrode), and permeating a cathode (a positive 
electrode, oxygen pole) with moisture. The main electrode reaction in DMFC is as follows, 
anode: — CH3 OH+H2 0->C02+6H++6e cathode: — since 0.5O2+2H++2e->H2O, among these the 
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methanol which has permeated chec^he reduction reaction of a cathode, th^^utput as the whole DMFC, 
i.e., the generation efficiency of a c^^HII decline. 

[0040] Then, this invention control lecWiffusion of the methanol in the film by i^ffoducing a methanol 
expulsive functional group into the macromolecule structure which forms the ionic conduction film. As 
shown in drawing 3 , the POSS radical which is heptacyclo pentyl PENTASHIKUROOKUTA siloxane URU 
as a methanol expulsive functional group was introduced. The structure of drawing 3 has the form in which 
two annular silicates carried out the chemical bond (Si-O-Si). The methanol molecule which diffuses the 
inside of the film takes some moisture with it, and forms the methanol water molecule ensemble. Since said 
POSS radical is having cage configuration structure, these methanols water molecule ensemble is 
incorporated in a cage. 

[0041] Next, silicon belongs to the category with high hydrophobicity and an atomic radius quite small in 
about 0.04nm and an element, and also has high hydrophobicity (oleophilic), and hydrophobicity has 
localized it. Hydrophobicity is large although methanol molecules are very few [ the part of a methyl group ] 
differences than water. Then, since the methanol water molecule incorporated in said cage is attracted by 
the hydrophobic-hydrophobic interaction, delay arises at the rate which escapes from a POSS radical 
rather than a water molecule. Consequently, the diffusion in the film is controlled by the cage effect and 
the hydrophobic localization effectiveness that a POSS radical has a methanol molecule. In addition, a 
POSS radical can raise the hydrophobicity in the film, without raising the hydrophobicity of the whole ionic 
conduction film, since hydrophobicity is carrying out localization. 

[0042] About the design of the polymer molecule for using for the ionic conduction film of DMFC, in the 
fluorine system film used for conventional PEFC and conventional DMFC, compatibility of a fluorine with a 
methanol is fundamentally large, and the effectiveness which controls a crossover can seldom be expected. 
Therefore, the raw material (monomer) of a hydrocarbon system was used in the molecular design of these 
polymers. 

[0043] t-butyl styrene was chosen as indicated to claim 4 as an example of the structural material. This t- 
butyl styrene has the more large hydrophobicity of a monomer. Therefore, since a larger hydrophobic- 
hydrophobic interaction is expectable, membrane structure can be strengthened more. Moreover, the 
biphenol A type was used for the cross linking agent. The structure of this cross linking agent has bonding 
strength high in a polymer generally. Therefore, bridge formation reinforcement and thermal resistance are 
held by these. 

[0044] In addition, the ionic conduction film by this invention can be applied to the flat panel of an 
electrochemistry type sensor, a light emitting device, and a laptop computer etc. other than a polymer 
electrolyte fuel cell. 
[0045] 

[Effect of the Invention] As mentioned above, according to this invention, it has high methanol expulsive 
and thermal resistance, the physical properties of the film by big ion conductivity, film reinforcement, curing 
temperature, and the setting time etc. are acquired with sufficient balance, and the ionic conduction film 
which raised the generation-of-electrical-energy energy efficiency of a fuel cell can be offered by the low 
price. 
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* NOTICES * 



it^^F* 



Japan Patent Office is not respons i bret or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the ionic conduction film which has high ion conductivity, 
thermal resistance, and methanol barrier nature, and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] While the measure for problem solvings, such as air pollution and global 
warming, is cried for, the expectation for development of an exhaust gas control mold automobile shows 
the rise. Especially a polymer electrolyte fuel cell has various advantages, like energy overall efficiency is 
high and environment nature is high, and its expectation is great as a clean new generation-of-electrical- 
energy format for electric vehicles. The generation-of-electrical-energy method generally called a fuel cell . 
takes out the energy which fuels (hydrogen etc.) have using the reverse reaction of electrolysis of water as 
direct electrical energy. Generally it is represented by four kinds, a phosphoric— acid mold, a melting 
carbonate mold, a solid oxide type, and a solid-state macromolecule mold, from the description on a 
configuration. 

[0003] As ionic conduction film used for the polymer electrolyte fuel cell (PEFC) of the inside represented 
by said four kinds, the ionic conduction film of the mold of perfluoroalkyl sulfonic acids, such as a trade 
name "Nafion", non-constructing a bridge has been used. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to this invention, it has high methanol expulsive 
and thermal resistance, the physical properties of the film by big ion conductivity, film reinforcement, curing 
temperature, and the setting time etc. are acquired with sufficient balance, and the ionic conduction film 
which raised the generation-of-electrical-energy energy efficiency of a fuel cell can be offered by the low 
price. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The above-mentioned fluorine system ionic conduction film has 
high chemical stability and thermal resistance, and in order to raise the practicability of a polymer 
electrolyte fuel cell, it has played the important role. However, the fluorine system ionic conduction film 
used conventionally was developed as a diaphragm at the time of electrolyzing salt originally and taking out 
caustic alkali of sodium and chlorine gas on industrial level, and it was hot developed as an ingredient for 
fuel cells, since membrane resistance is large, it is pointed out that the generation-of-electrical-energy 
energy efficiency of a fuel cell is falling, and many improving points are left behind as a technical problem. 
[0005] Moreover, the approach of adding a function required as a direct methanol mold fuel cell additionally, 
and going is adopted in many cases, copying the predominance of a large number which the fluorine system 
ionic conduction film has also in the field of the fundamental research of a direct methanol mold fuel cell 
(DMFC). As these functions, although it is 1 methanol barrier property, 2 thermal resistance, 3 ion 
conductivity, 4 dynamic reinforcement, 5 low-price nature, etc., when all of these functions are related, one 
function is raised in these and it goes, there is an inclination for other functions to fall. For example, in the 
case of a direct methanol mold fuel cell, in the actual condition, since catalytic activity is low, the operation 
temperature of a cell must be set as a temperature requirement high to 1 30 degrees C - 200 degrees C. 
However, the oxidative degradation of cutting of a polymer principal chain occurring under the high effect 
of acid which a sulfonic group has in the film conventionally happens. Furthermore, active jamming of the 
reduction reaction in the cathode resulting from a methanol crossover takes place, and the generation 
efficiency of a cell falls. Therefore, it is a technical problem to raise the above-mentioned function with 
sufficient balance. 

[0006] The object of this invention is offering the ionic conduction film which has methanol barrier 
property, thermal resistance, high ion conductivity, dynamic reinforcement, and low-price nature, and its 
manufacture approach in view of the above-mentioned technical problem. 
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MEANS 



[Means for Solving the Problem] Ionic conduction film by this invention for attaining the above-mentioned 
object (structure expression 1), 




I II III IV 



The aromatic series system monomer I, the ionic conduction system monomer II, and high volume monomer 
III And it is characterized by compounding the ionic conduction resin and the fiber aggregate of the above- 
mentioned structure expression 1 which consists of a cross linking agent IV in the shape of film. 
[0008] Moreover, the aforementioned aromatic series system monomer I It consists of an aromatic series 
system vinyl monomer. It consists of a vinyl monomer in which the ionic conduction system monomer II has 
an acidic group. High volume monomer III Boil all, and it is more three-dimensional and consists of any one 
of silicon-oxygen, silicon-carbon, and the carbon-carbon bondings, or a thing in which the cage 
configuration was formed. It is characterized by compound-izing a cross linking agent IV with the fiber 
aggregate which consisted of an aromatic series ring and was chosen from from among the shape of the 
shape of the shape of reticulated [ of organic fiber or an inorganic fiber ], and textile fabrics, and a 
nonwoven fabric, and fibril. 

[0009] Furthermore, the aforementioned aromatic series system monomer I An R1= carbon number 
consists of an aromatic series functional group of the necessary number. The ether which permits the case 
where, as for the ionic conduction system monomer II, an R2= carbon number contains the hydrocarbon 
part of the necessary number, and the hetero atom of the necessary number, Ester, acrylamide, an amide, 
an alkyl part, and a sulfonic group. It consists of what has the ionic conduction radical in which any one or 
all of a phosphoric acid carried out the chemical bond to the shape of a straight chain or a branching 
straight chain. High volume monomer III Two ring compounds surrounded with the silicon or oxygen atom of 
the necessary number In the cage configuration compound constituted when carrying out silicon-oxygen- 
silicon association through an oxygen atom in the silicon atoms which face, and connected by silicon- 
oxygen-silicon association of a necessary number It consists of what has a high functional group. **** 
which presents the structure in which silicon carried out the chemical bond to the annular aliphatic series 
system carbon compound of a required-number membered-ring — A cross linking agent IV consists of an 
aromatic series ring. These vinyl monomers Copolymerization and the ionic conduction resin which 
constructed the bridge, a synthetic fiber, or the ceramics, It is characterized by including the fiber 
aggregate chosen from from among the shape of the shape of the shape of reticulated and textile fabrics 
which consists of either among glass, a metal, and a nonmetal system element compound, and a nonwoven 
fabric, and fibril inside the ionic conduction film. 

[0010] It is said aromatic series system monomer I further again, t-butyl styrene and the ionic conduction 
system monomer II are 2-acrylamido-2-methyl propane sulfonic acid and the high volume monomer HI. It is 
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characterized by compound-izing amnwoven glass fabric in the ionic conduction resin propyl methacrylic 
POSS and whose cross linking ager^^Rare bisphenol A glycero rate diacryla^^ft 

[0011] The manufacture approach oWie above-mentioned ionic conduction n^ffs the aromatic series 
system monomer I. Weight content 5% - 80%, High volume monomer III The canal polymerization phase by 
which an organic solvent is further constituted [ 0.1% - 50% and a cross linking agent IV ] for a hydrophobic 
polymerization initiator from 1% - 85% of each within the limits 0.01% to. 20% 0.02% to 30%, The ionic 
conduction system monomer II 3% - 90%, A hydrophilic polymerization initiator is characterized by sinking in 
the fiber aggregate in pickup 20%-520% to the vinyl monomer solution which consists of a hydrophilic 
polymerization phase in which water is contained in 6% - 95% of each range 0.03% to 25% again. In addition, 
as a hydrophobic polymerization initiator, although azobisisobutyronitril, a benzophenone, benzoyl peroxide, 
peroxidation t-butyl, etc. are mentioned, it is not limited to these initiators. As a hydrophilic polymerization 
initiator, although ammonium-peroxydisulfate, potassium-peroxodisulfate, peroxydisulfuric-acid sodium, 2, 
and 2-azobis [2-(2-imidazoline-2-IRU) propane] dihydrochloride etc. is mentioned, it is not limited to 
especially these initiators. 

[001 2] Moreover, other manufacture approaches of the above-mentioned ionic conduction film are the 
aromatic series system monomers I. Weight content 5% - 80%, High volume monomer III The canal 
polymerization phase by which an organic solvent is further constituted [ 0.1% - 50% and a cross linking 
agent IV ] for a hydrophobic polymerization initiator from 1% - 85% of each within the limits 0.01% to 20% 
0.02% to 30%, After a hydrophilic polymerization initiator sinks [ the ionic conduction system monomer II / 
water ] in the fiber aggregate in pickup 20%-520% 3% to 90% again to the hydrophilic polymerization phase 
contained in 6% - 95% of each range 0.03% to 25%, It is characterized by making it stick to a fiber aggregate 
using a synthetic-resin film, irradiating bridge formation energy at a fiber aggregate, and carrying out the 
polymerization of a vinyl monomer and the cross linking agent. 

[0013] The approach of irradiating the fiber aggregate the above-mentioned bridge formation energy A 
conductor, infrared radiation, Depending on any of far-infrared irradiation equipment they are The 
ultraviolet radiation or the light exposure machine of the range of the conditions maintained for 0.5 seconds 
to 4 hours in the range whose vinyl monomer impregnation temperature of a fiber aggregate is 35 degrees 
C - 220 degrees C, or 190nm - 700nm wavelength is used. A vinyl monomer impregnation body surface 0.5 
mW/cm2 From to 5600mW/cm2 Exposure conditions which become a light-receiving energy range, Or it is 
characterized by carrying out the bridge formation energy exposure of the electron ray on the conditions 
irradiated for 0.2 seconds to 5 hours in the range of 20 Mrad-m/min to 360 Mrad-m/min with electron- 
beam-irradiation equipment. 
[0014] 

[Embodiment of the Invention] The example of this invention is explained based on a drawing below. About 
a drawing, the giant-molecule structure of the fluorine system ionic conduction film and drawin g 2 drawin g 
1 The hydrophilic-nbn-dense aqueous-phase model inside the fluorine system film. The amelioration 
effectiveness of demand characteristics [ in / drawin g 3 / the structure of a POSS radical, and drawin g 4 , 
and / in drawin g 5 / an example 1 ], [ a methanol expulsive measurement eel ] The relation of the weight 
content of an aromatic series system monomer and an. ionic conduction value, [ in / in drawin g 6 / example 
2. ] The relation of the weight content of a methanol expulsive radical and film reinforcement, [ in / in 
drawin g 7 / an example 3 ] The relation of the weight content of a cross linking agent and film 
reinforcement, the relation of the weight content of a polymerization initiator and an ionic conduction value, 
[ in / in drawin g 8 / an example 4 ] [ in / in drawin g 9 / an example 5 ] The relation of the weight content 
of an organic solvent and a methanol expulsive value, [ in / in drawing 1 0 / an example 6 ] The relation of 
the polymerization content of an ionic conduction system monomer and an ionic conduction value, [ in / in 
drawin g 1 1 / an example 7 ] The relation of the weight content of a hydrophilic polymerization initiator and 
a heat-resistant value, [ in / in drawing 1 2 / an example 8 ] The relation of the weight content of water 
and a heat-resistant value, the relation of a pickup and an ionic conduction value, [ in / in drawin g 1 3 / an 
example 9 ] [ in / in drawing 1 4 / an example 10 ] The relation of curing temperature and film 
reinforcement, the relation of the setting time and a methanol abatement value, [ in / in drawing 1 5 / an 
example 11 ] [ in / in drawing 1 6 / an example 12 ] The relation between ultraviolet-visible-ray wavelength 
[ in / in drawing 1 7 / an example 13 ], and film reinforcement, the relation of a light-receiving energy 
density and an ionic conduction value, [ in / in drawing 1 8 / an example 14 ] The relation of an electron ray 
reinforcement and a heat-resistant value and drawing 20 show the relation of the light-receiving energy 
density and ionic conduction value in an example 16. [ in / in drawing 1 9 / an example 15 ] 
[0015] in addition, said aromatic series system monomer I in claim 3 An R1= carbon number consists of an 
aromatic series functional group to 1-20 pieces. The concrete example of this Styrene, 3-methyl styrene, 
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4-methyl styrene, t-butyl styrene, s^-butyl styrene, Alpha methyl styrene, traDS~beta-methyl styrene, 2- 
chloro styrene, Although it is 3-chl^^fctyrene, 4-chloro styrene, 2-vinyl nap^Mlene, 9-vinyl anthracene, 
a vinyl pyrene, N-vinylcarbazole, 2-^mylpyridine, 4-vinylpyridine, or 1 -vinyl imrcKole, it is not limited to 
these. The ether which permits the case where, as for the ionic conduction system monomer II, an R2= 
carbon number contains the hydrocarbon part to 1-18 pieces, and the hetero atom to 1-5 pieces, Ester, 
acrylamide, an amide, an alkyl part, and a sulfonic group, It consists of what has the ionic conduction 
radical in which any one or all of a phosphoric acid carried out the chemical bond to the shape of a straight 
chain or a branching straight chain. The concrete example of this 2-acrylamido-2-methyl propane sulfonic 
acid. Although it is 4-styrene sulfonic-acid sodium, sodium allylsulfonate, sodium methallylsulfonate, a vinyl 
sulfonic acid, a vinyl propane sulfonic acid, ethyl diethyl phosphono acetate, a vinyl phosphoric acid, an allyl 
compound phosphoric acid, etc. It is not limited to these compounds. High volume monomer III Two ring 
compounds surrounded with the silicon or oxygen atom to 3-80 pieces In the cage configuration compound 
constituted when carrying out silicon-oxygen-silicon association through an oxygen atom in the silicon 
atoms which face, and connected by silicon-oxygen-silicon association of 3-80 It consists of what has a 
high functional group. **** which presents the structure in which silicon carried out the chemical bond to 
the annular aliphatic series system carbon compound of three to 12 membered-ring — For example, 
although propyl methacrylic POSS, Vinyl POSS, POSS acrylamide, an allyl compound POSS, Metallyl 
POSS, methacrylic one POSS, acrylic-acid POSS, etc. are mentioned, it is not limited to these compounds. 
A cross linking agent IV is not limited to these cross linking agents, although it consists of an aromatic 
series ring and bisphenol A glycero rate diacrylate, a divinylbenzene, divinyl naphthalene, diallyl phthalate, 
diaryl tetrabromo phthalate, a diaryl diphenyl silane, diaryl diphenylphosphine, etc. are mentioned as a 
concrete example of this. The fiber aggregate chosen from from among the shape of the shape of the 
shape of reticulated [ which these vinyl monomers become from either among copolymerization and the 
ionic conduction resin which constructed the bridge, a synthetic fiber or the ceramics, glass a metal, and a 
nonmetal system element compound ], and textile fabrics, and a nonwoven fabric, and fibril is included 
inside the ionic conduction film. Although each numerical range of the carbon number of the . above R1 and 
R2 which is not what is restricted to these compounds although it is silicon carbide, boron carbide, silicon 
nitride, boron nitride, etc. as a nonmetal system element compound, the silicon of R3 or the oxygen atom 
number, a silicon-oxygen-silicon joint number, and the number of membered-rings of silicon is desirable 
range, it is not necessarily limited to each of this numerical range. 
[001 6] 

[Example 1] The ionic conduction film was obtained by dissolving t-butyl styrene 5.25g, 0.8g of 2- 
acrylamido-2-methyl propane sulfonic acid, propyl methacrylic POSS0.25g, and bisphenol A glycero rate 
diacrylate 1.0g in N and N -dimethylformamide 8ml and the mixed solvent of 3ml of water, and carrying out 
heating bridge formation of the solution which added azobisisobutyronitril 20mg and was obtained at 10 
degrees C for 3 minutes using a hot calender roll, after sinking into the polypropylene network of 20 
meshes at pickup 250%. In addition, the structure of a POSS radical is as being shown in drawin g 3 . 
[0017] The methanol abatement engine performance of the ionic conduction film obtained the account of a 
top was measured as follows. That is, in the eel configuration for measurement shown in drawin g 4 , two 
glass cylinders with doubling cost with a methanol permeability width of face of 10mm (98ml of inner 
capacity) were prepared, the ionic conduction film with a diameter of 70mm was put between them, the 
methanol transparency diameter of the ionic conduction film was set to 50mm, 3% of the weight of the 
methanol water solution was put into the interior of one glass cylinder (methanol phase), and the interior of 
another glass cylinder was filled up with aqua destillata (aqueous phase). After setting the time of finishing 
setting up these measurement eels as measurement initiation and sampling water in part from the aqueous 
phase after 30-minute progress, it analyzed using the Hitachi G-5000 mold gas chromatograph (FID 
detector), and the quantum of the methanol concentration Mi in the aqueous phase was carried out. 
[0018] When considering as the methanol concentration Mf similarly measured using the fluorine system 
ionic conduction film (example of a comparison), it was defined as the following formula (1) by making a 
methanol transparency control value into a relative value. 
Methanol abatement value = Mf/Mi — Formula (1) 

As the result was shown in drawin g 5 , compared with the fluorine system ionic conduction film (example of 
a comparison) used as ionic conduction film of a direct methanol mold fuel cell, the ionic conduction film by 
this invention showed higher methanol expulsive conventionally. 

[001 9] About thermal resistance, it evaluated as follows. The part was sampled from said obtained ionic 
conduction film, and the pyrolysis initiation temperature Ti of the ionic conduction film was measured in air 
using TG-DTA. The pyrolysis initiation temperature Tf of the conventional fluorine system ionic conduction 
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hejtefinition was given as a relative value o^he 
to^^Mke the following formula (2). 
Fsffriula (2) ^ 



film was measured similarly, and the^J^finition was given as a relative value o f the value the fluorine system 
film indicates thermal resistance tc 
A heat-resistant value = Ti/Tf — FSffnula (2) 
As the result was shown in drawing 5 , the heat-resistant value of the ionic conduction film by this 
invention was larger than the value of the fluorine system film which is film conventionally, and showed 
higher thermal resistance. 

[0020] About ion conductivity, it evaluated as follows. It stuck on fluororesin plate manufacturing so that 

1.0cm long, 2.5cm wide, and the platinum foil with a thickness of 10 microns might be prepared 
in the center section of 4.0cm long, 4.0cm wide, and fluororesin plate manufacturing with a thickness of 
0.5cm and the 1.0cm side of the platinum foil might touch 0.5cm long and a 1.0cm wide sump to 1.0cm 
[ about ] of the sump of fluororesin plate manufacturing in it. 

[0021] After producing these two plates, it dips in 1/40-N nitric-acid water solution of chloroplatinic acid, 
and they are bath voltage 3.0V and current density 40 mA/cm2. Platinum black was plated on the platinum 
foil for 1 hour. This fluororesin plate manufacturing was dipped into 1% sulfuric acid, the platinum electrode 
was used for the counter electrode, and each of the fluororesin plate manufacturing of two sheets was 
followed in the actuation which energizes a platinum-electrode side for 10 minutes in electrical-potential- 
difference 3.0V by using the platinum-foil side of a negative electrode and fluororesin plate manufacturing 
as a positive electrode. 

[0022] thus, the ionic conduction film cut into 1.0cm long and 1.5cm wide between two fluororesin plate 
manufacturing of obtained platinum black plating — inserting — the platinum foil — solar TRON company 
make — it connected with impedance analyzer S1-1260, and membranous ionic conductivity was computed 
with the alternating current anodizing process. The ionic conduction value by this invention was defined like 
the following formula (3). 
Ionic conduction value = Ii/If — Formula (3) 

If ionic conductivity Ii: of the conventional fluorine system — the degree of ionic conduction of the film by 
this invention — as the result was shown in drawing 5 , also in ion conductivity, it became clear that the 
ionic conduction film by this invention is conventionally larger than membranous ion conductivity. 
[0023] About membranous reinforcement, it evaluated as follows, the stress at the time of pulling 1 5cm 
long and the 0.5cm wide ionic conduction film, hanging on a testing machine, and making a sample fracture 
by hauling in the distance between chucks of 10cm — the cross section of the ionic conduction film — 
**** — .when setting tensile strength of Si and the conventional fluorine system film to Sf for tensile 
strength by things, film reinforcement was defined like a formula (4). film = on the strength — a Si/Sf — 
type (4) — as the result was shown in drawin g 5 , the film reinforcement by this invention had high film 
reinforcement compared with the conventional fluorine system film. 
[0024] 

[Example 2] As the result of having measured the ionic conduction value at the time of changing the weight 
content of t-butyl styrene at the time of preparing the ionic conduction film in an example 1 is shown in 
drawin g 6 , in the range whose t-butyl styrene weight content is 5% - 80%, the ionic conduction value is 
large compared with the film conventionally, and the range indicated to claim 5 is suitable for the weight 
content of an aromatic series system monomer. 
[0025] 

[Example 3] Since film reinforcement is conventionally larger than a membranous value in the range whose 
weight content propyl methacrylic [ POSS ] is 0.1% - 50% as drawin g 7 shows the film reinforcement when 
changing weight content propyl methacrylic [ POSS ] in case the ionic conduction film is prepared in an 
example 1, the range indicated to claim 5 is appropriate to the weight content of a high volume monomer. 
[0026] 

[Example 4] In case the ionic conduction film is prepared in an example 1, as drawin g 8 shows the film 
change on the strength at the time of changing the weight content of bisphenol A guru cello rate diacrylate 
as a cross linking agent, it is conventionally larger than a membranous value in 0.02% - 30% of range, and 
the range indicated to claim 5 is suitable. 
[0027] 

[Example 5] Since the weight content of a hydrophobic polymerization initiator is larger than the value of 
the conventional fluorine system film in the range which is 0.01% - 20% as drawin g 9 shows the ionic 
conduction value when changing the weight content of azobisisobutyronitril as a hydrophobic 
polymerization initiator in an example 1, the range which indicated the weight content of a hydrophobic 
polymerization initiator to claim 5 is appropriate. 
[0028] 
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[Example 6] When preparing the ioni^^onduction film in an example 1, as draw in g 1 0 shows the relation 
between the weight content of an d^B;ic solvent, and a methanol abatemenl^^je, the methanol 
abatement value is conventionally la^er than a membranous value at the tim^m 1% - 85% of range, and, as 
for the weight content of an organic solvent, the range which indicated the weight content of an organic 
solvent to claim 5 is appropriate. 
[0029] 

[Example 7] When preparing the ionic conduction film in an example 1, as drawing 1 1 shows the relation 
between the weight content of 2-acrylamido-2-methyl propane sulfonic acid, and an ionic conduction value 
as an ionic conduction system monomer, in the ionic conduction value, the ionic conduction value is 
conventionally larger than the film at the time of 3% - 90% of range, and, as for the weight content of 2- 
acrylamido-2-methyl propane sulfonic acid, the range indicated to claim 5 is suitable for the weight content 
of an ionic conduction system monomer. 
[0030] 

[Example 8] In case the ionic conduction film is manufactured in an example 1 , as the heat-resistant value 
when changing the weight content of a ** RUOKISONI ammonium sulfate as a hydrophilic polymerization 
initiator is shown in drawing 1 2 , in the heat-resistant value, the weight content of a ** RUOKISONI 
ammonium sulfate is larger than the value of the conventional fluorine system film at 0.03% - 25% of within 
the limits, and the range indicated to claim 5 is suitable for the weight content of a hydrophilic 
polymerization initiator. 
[0031] 

[Example 9] In case the ionic conduction film is manufactured in an example 1, as drawing 1 3 shows the 
heat-resistant value when changing the weight content of water, thermal resistance is conventionally larger 
than the film in 6% - 95% of range, and, as for the weight content of water, the range indicated to claim 5 is 
suitable for the weight content of water. 
[0032] 

[Example 10] When manufacturing the ionic conduction film in an example 1, in case the polypropylene 
network which is the fiber aggregate is sunk into a monomer solution phase, as the relation between pickup 
and an ionic conduction value is shown in drawing 1 4 , the range where pickup indicated the pickup of the 
fiber aggregate to claim 5 by the ionic conduction value being conventionally larger than the film in 20% - 
520% of range is appropriate. 
[0033] 

[Example 1 1] When making it harden according to the fiber aggregate and bridge formation which sank in 
the vinyl monomer solution in the example 1, as drawing 1 5 shows the reinforcement of the ionic 
conduction film when changing curing temperature, curing temperature is conventionally larger than a 
membranous value in 35 degrees C - 220 degrees C, and the range indicated to claim 7 is suitable for 
curing temperature. 
[0034] 

[Example 12] As the methanol abatement value which the ionic conduction film when changing the setting 
time of the ionic conduction film in an example 1 shows is shown in drawing 1 6 , the setting time is 
conventionally larger than membranous physical properties in the range of 0.5 seconds - 4 hours, and the 
range indicated to claim 7 is suitable for the setting time. 
[0035] 

[Example 13] When the content of combination which changed the azobisisobutyronitril of a hydrophobic 
polymerization initiator to the benzophenone is adopted among the monomer solution in an example 1 and a 
black light is used instead of a hot calender roll, about film reinforcement, as shown in drawing 1 7 , the 
wavelength of ultraviolet rays is conventionally larger than a membranous value in the range which is 
190nm - 700nm, and the range indicated to claim 7 is suitable for the wavelength of the ultraviolet rays by 
the black light. 
[0036] 

[Example 14] when changing the light-receiving energy density of the ultraviolet-visible ray which a vinyl 
monomer impregnation body surface receives in an example 13, the ionic conduction value change of the 
ionic conduction film is shown in drawing 1 8 — as — a light-receiving energy density — 0.5 mW/cm2 from 
— 5600 mW/cm2 Membranous ion conductivity is conventionally excelled in the range, and the range which 
indicated the light-receiving energy density to claim 7 is suitable. 
[0037] 

[Example 15] Since the thermal resistance which the ionic conduction film shows became conventionally 
larger than the film when the heat-resistant value of the ionic conduction film when changing the exposure 
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energy, of the electron ray at the tim^of using electron-beam-irradiation equioment instead of an 
ultraviolet ray lamp in an example t^Hadiated an electron ray in the range c^^fcMrad-m/min - 30 Mrad- 
m/min, as shown in drawing 1 9 , th^ronge which indicated the exposure ener^^f the electron ray by 
electron-beam-irradiation equipment to claim 7 is suitable. 
[0038] 

[Example 16] The ionic conduction value of the ionic conduction film when changing the irradiation time of 
an electron ray in an example 15 has exceeded the membranous value conventionally in 0.2 seconds - 5 
hours, as shown in drawing 20 , and the range indicated to claim 7 is suitable for the irradiation time of the 
electron ray by electron-beam-irradiation equipment. 

[0039] By the way, in a direct methanol mold fuel cell (DMFC), a methanol crossover is an important 
problem. It is said that a methanol checks electrode catalytic reaction by permeating the inside of the ionic 
conduction film from an anode (a negative electrode, fuel electrode), and permeating a cathode (a positive 
electrode, oxygen pole) with moisture. The main electrode reaction in DMFC is as follows, 
anode: — CH3 OH+H2 0->C02+6H++6e cathode: — since 0.5O2+2H++2e->H2O, among these the 
methanol which has permeated check the reduction reaction of a cathode, the output as the whole DMFC, 
i.e., the generation efficiency of a cell, will decline. 

[0040] Then, this invention controlled diffusion of the methanol in the film by introducing a methanol 
expulsive functional group into the macromolecule structure which forms the ionic conduction film. As 
shown in drawing 3 , the POSS radical which is heptacyclo pentyl PENTASHIKUROOKUTA siloxane 1-IRU 
as a methanol expulsive functional group was introduced. The structure of drawing 3 has the form in which 
two annular silicates carried out the chemical bond (Si-O-Si). The methanol molecule which diffuses the 
inside of the film takes some moisture with it, and forms the methanol water molecule ensemble. Since said 
POSS radical is having cage configuration structure, these methanols water molecule ensemble is 
incorporated in a cage. 

[0041] Next, silicon belongs to the category with high hydrophobicity and an atomic radius quite small in 
about 0.04nm and an element, and also has high hydrophobicity (oleophilic), and hydrophobicity has 
localized it. Hydrophobicity is large although methanol molecules are very few [ the part of a methyl group ] 
differences than water. Then, since the methanol water molecule incorporated in said cage is attracted by 
the hydrophobic-hydrophobic interaction, delay arises at the rate which escapes from a POSS radical 
rather than a water molecule. Consequently, the diffusion in the film is controlled by the cage effect and 
the hydrophobic localization effectiveness that a POSS radical has a methanol molecule. In addition, a 
POSS radical can raise the hydrophobicity in the film, without raising the hydrophobicity of the whole ionic 
conduction film, since hydrophobicity is carrying out localization. 

[0042] About the design of the polymer molecule for using for the ionic conduction film of DMFC, in the 
fluorine system film used for conventional PEFC and conventional DMFC, compatibility of a fluorine with a 
methanol is fundamentally large, and the effectiveness which controls a crossover can seldom be expected. 
Therefore, the raw material (monomer) of a hydrocarbon system was used in the molecular design of these 
polymers. 

[0043] t-butyl styrene was chosen as indicated to claim 4 as an example of the structural material. This t- 
butyl styrene has the more large hydrophobicity of a monomer. Therefore, since a larger hydrophobic- 
hydrophobic interaction is expectable, membrane structure can be strengthened more. Moreover, the 
biphenol A type was used for the cross linking agent. The structure of this cross linking agent has bonding 
strength high in a polymer generally. Therefore, bridge formation reinforcement and thermal resistance are 
held by these. 

[0044] In addition, the ionic conduction film by this invention can be applied to the flat panel of an 
electrochemistry type sensor, a light emitting device, and a laptop computer etc. other than a polymer 
electrolyte fuel cell. 
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* NOTICES * 



Japan Patent Office is not responsible for. any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Macromolecule structural drawing of this invention fluorine system ionic conduction film 
[Drawing 2] The hydrophilic-non-dense aqueous-phase model inside the fluorine system film in this 
invention 

[Drawing 3] Structural drawing of the POSS radical in this invention 

[Drawing 4] Drawing showing the methanol expulsive measurement eel used in this invention 

[Drawing 5] The bar graph which shows the amelioration effectiveness of the demand characteristics in the 

example 1 of this invention 

[Drawing 6] The graph which shows the relation of the weight content of an aromatic series system 
monomer and the ionic conduction value in the example 2 of this invention 

[Drawing 7] The graph which shows the relation of the weight content of a methanol expulsive radical and 
film reinforcement in the example 3 of this invention 

[Drawing 8] The graph which shows the relation of the weight content of a cross linking agent and film 
reinforcement in the example 4 of this invention 

[Drawing 9] The graph which shows the relation of the weight content of a polymerization initiator and the 
ionic conduction film value in the example 5 of this invention 

[Drawing 1 0] The related **** graph of the weight content of an organic solvent and the methanol 
expulsive value in the example 6 of this invention 

[Drawing 1 1] The graph which shows the relation of the polymerization content of an ionic conduction 
system monomer and the ionic conduction value in an example 7 

[Drawing 1 2] The graph which shows the relation of the weight content of a hydrophilic polymerization 
initiator and the heat-resistant value in an example 8 

[Drawing 1 3] The graph which shows the relation of the weight content of water and the heat-resistant 
value in the example 9 of this invention 

[Drawin g 14 ] The graph which shows the relation of the pickup and ionic conduction value in the example 
10 of this invention 

[Drawin g 1 5] The graph which shows the relation of the curing temperature and film reinforcement in the 
example 11 of this invention 

[Drawin g 1 6] The graph which shows the relation of the setting time and the methanol abatement value in 
the example 12 of this invention ' 
[ Drawin g 1 7] The graph which shows the relation between the ultraviolet-visible-ray wavelength in the 
example 13 of this invention, and film reinforcement 

[Drawin g 1 8] The graph which shows the relation of the light-receiving energy density and ionic conduction 
value in the example 14 of this invention 

[Drawing 1 9] The graph which shows the relation of the electron ray reinforcement and the heat-resistant 
value in the example 15 of this invention 

[Drawin g 20] The graph which shows the relation of the electron-beam-irradiation time amount and the 
ionic conduction value in the example 16 of this invention 
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[Drawing 1 7] 
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